The paper deals with the direct application of Rapid Prototyping technologies for parts and spare parts production in production companies and the economic effect by making use of this technology. Traditional production technologies are technologies such as forging, cutting, machining, etc. These technologies are widely accepted and the teething troubles are solved. Rapid Prototyping technologies such as 3D printing on the other hand came into the focus in the recent years when the technologies and the produced quality gradually advanced. Providing flexibility and time efficiency the technology should also have a practical application in production. This paper has the aim to provide a casestudy based on existing cost figures to show that these technologies are not limited to prototype developments.
INTRODUCTION
Rapid Prototyping technologies are gaining more importance for manufacturing companies as manufacturing technologies. Primarily invented to serve as a tool for manufacturing prototypes fast, the speed of these technologies enables companies also to think about using them for regular production or for spare parts manufacturing.
Rapid Prototyping belongs to the layer manufacturing techniques (LMT). These LMT's have the ability to directly bring 3D CAD drawings to reality within a short time [4, p. 3] . Different Rapid Prototyping technologies are available for different materials, e.g.
• Contour Crafting (CC) using concrete; • Selective Laser Sintering (SLS) using (powdered) ceramics, metals, and thermoplastics; • 3D Printing using powders and granulates [2] .
Rapid Prototyping is further divided into:
• Rapid Tooling (for tools manufacturing), • Rapid Manufacturing (manufacturing of final product).
Some authors also refer to the whole of those technologies as Rapid Prototyping, Tooling and Manufacturing (RPTM) [3] .
COST OF RAPID PROTOTYPING COMPARED TO INJECTION MOULDING
Though widely used in research and development, Rapid Prototyping technologies are able to substitute several production technologies. Already in 2009 an article from Yuen and Goral with a low-cost approach of this technology dealt with the easiness and convenience of a method using flexible microfluidic devices. The printing is done with a laser printer and other standard equipment is used to complete the process. While the process is completed within a few minutes, it is cost efficient by all means, material and equipment wise [1] [2] [3] .
A published article of Hopkinson and Dickens made a cost analysis between the Rapid Prototyping technology stereolithography (SL) and injection moulding. The motive was to calculate whether and when it is feasible to use Rapid Prototyping technologies for manufacturing purposes. The analysis shows that it takes 7,500 parts with 3.6 gramme weight until the injection moulding technology is cheaper (see figure 1 ) [4] [5] [6] . Counting with a productivity increase of 66%, Hopkinson/Dickens calculate a production quantity of 27,000 parts until the injection moulding technology is less costly. The engineering cost (establishing CAD drawing) are neglected. Table 1 (derived from the same analysis) shows the issue arising with rising part weight. The break-even point for injection moulding is at 7,500 parts for a 3.6 gramme small part, but it is only around 280 parts for a 740 gramme heavy product. The break-even point is therefore falling with higher part weight. Table 1 . Break-even point with different part weights [4] Part weight (g) 3.6 44 260 740
Break even figure 7500 875 **336* 279
Up to now, Rapid Prototyping technologies have a limited use due to the price of these technologies. The direct cost are high as there is almost no fix cost degression as the only fix cost is the CAD engineer. The engineer has to draw the CAD-file in either case. Thus, this has no effect on the cost analysis provided by Hopkinson/Dickens.
RAPID (SPARE PARTS) MANUFACTURING
Rapid Manufacturing deals with the direct manufacturing of products through Rapid Prototyping technologies. For spare parts we also refer to Rapid Tooling that deals with the production of toolings. The tooling is done for a small amount of products which makes it suitable for such technologies to be used. The toolings may be soft (e.g. plastic) or hard (metal).
Many spare parts are urgently needed in production companies. In order to provide them on-demand, these spare parts have to be on stock. The stocking activities consume inventory and space and Ijioui et. al. see the following targets to be conquered by spare parts management:
• right spare part (available), • right status & serviceable, • right time (when it is in stock, how long), • right location (where is it), • minimal cost (incl. cost of non-availability) [5] .
Although Hopkinson/Dickens found that the quality of Rapid Prototyping technologies is not lower than the quality of other methods there are good reasons for further usage of the latter ones. The higher speed and with this the lower cost of these products make them more feasible for large-scale productions [4, 7] . Also in spare parts management the company has to think about which spare parts it should make itself and how and which to buy. On the other hand other authors like Hague/Reeves found disadvantages in the limited material range and the limited quality of the products as well as the cost for large-scale production back in 2001 [4, 8] .
Rapid Prototyping technologies are able to supply the spare parts near the place of their need [3, 9] . The required raw material may be stored as granulate and can be universally used for different spare parts increasing the need for big stocks. The part (assuming, it is already available as CAD-file) can be printed right away (production time depending on its size).
One must not forget that also today bigger production companies manufacture their own spare parts and tools on lathes, through moulding, or through other technologies. Mostly, this applies to crucial spare parts -crucial either in time or for the own technological know-how. In order to manufacture these spare parts, it takes space for turning lathes and moulding machines as well as an initial investment into these machines.
Rapid Prototyping requires smaller space, but is limited to spare part size (as far as budget is concerned). It is also true that different materials might need different Rapid Prototyping machines. Nonetheless, the two big advantages of Rapid Prototyping technologies are the lower inventory cost for spare parts and the speed with which spare parts can be produced. No tooling, no further pre-nor re-setting of the machines is needed. The advantages and disadvantages of this technology can be seen in table 2.
Thus, we are getting the following output: 
CASE STUDY
The flexibility of Rapid Prototyping equipments to manufacture the required spare parts is of high importance for the efficiency of these technologies in spare parts production. One input may create various parts and the inventory level may be decreased as figure  4 shows. The assumption of this case study is that with a given probability (row 3) the given spare part will break today. The plan for stocking is made due to parts in use (row 2) and the probability of breakage. It is only possible to buy and store whole parts and the parts are not interchangeable. Optimally, the company should hold 2.55 units (all together). This means, the company will store either 2 units hoping that spare part 3 will not break today or it will hold 1 unit even though the probability of breaking is only 5 percent.
Rapid Prototyping on the other hand -assuming that all three spare parts are made from the same raw material -can provide an optimal stock of 2.55 units through e.g. granulate raw material. Through its flexibility to produce different forms and shapes from the same raw material, it reduces the inventory on stock. We must not forget that for small-scale production, Rapid Prototyping is -compared with moulding -not only faster but also cheaper.
The effects on the company's budget have to be thoroughly explored. It might make sense for some companies to purchase 3D printers or other Rapid Prototyping technologies that were not used until now. On the other hand, for large-scale production it might not make sense. Standardised screws and other small consumables might be easier taken on stock or purchased within short time than special tools or spare parts for production machines. Thus, Rapid (Spare Part) Manufacturing is more of an opportunity to increase the portfolio of spare parts produced in-house or to accelerate the crucial spare parts production, but in most of the cases, the technology does not yet have the ability to substitute the existing spare parts workshop in production companies.
Companies have to think about where they can exploit the advantages provided through Rapid Prototyping technologies. It is in their interest to incorporate the spare parts management into the company strategy, as it is also done in ERP systems [6] . Spare parts are a crucial resource in the company. This becomes clear in case a crucial spare part is not available, though needed urgently. The costs of nonavailability have to be calculated carefully. Nonetheless, it is the aim of spare parts management to provide availability of the spare parts in a cost efficient manner. Rapid Prototyping technologies are one approach to gather this target.
CONCLUSION
Rapid Prototyping technologies have been developed in the recent 20 years. Established technologies, though developing, claim to be present with its basics on the market for more than 100 years [4] . Rapid Prototyping is commonly used for prototype manufacturing, as it is fast and cost-efficient. For large-scale production, the costefficiency is not given in the way that it is for prototypes. Other technologies are able to provide products in mass production with much less cost.
For small-scale production Rapid Prototyping is still having its legitimation as Hopkinson/Dickens showed in their analysis. Also spare parts production is a smallscale production. Thus, it makes sense to think about directly producing spare parts through Rapid Prototyping technologies. Rapid (Spare Part) Manufacturing enables companies to solve the requirement for spare parts fast and flexibly (concerning shape). Nonetheless, at the very moment, it will not be possible for most of the production companies to go without traditional machines for spare part production.
Meanwhile, the development of Rapid Prototyping technologies has not come to its end. Further progress will be made and the effectiveness of Rapid Prototyping -for spare parts as well as for products in regular production -will rise. The result is a more attractive usage of these technologies.
